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ABSTRACT

Race 1, isolate 429 of Piricularia oryzae was used to establish
rice blast disease foci of 0.1-, 0.0l-, and 0.000l-acre sizes in
small fields of Gulfrose rice. Disease spread to the borders of
the field with the largest focus within 14 days after inoculation,
and to the borders of the field with the smallest focus within
48 days. Measurements of leaf-disease increase, spore concentration
in the air, per cent panicle blast, and yield were made at
sampling stations in the foci and along polar coordinates radiating

from them.
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I. INTRODUCTION

There is available little quantitative information on the spread
of rice blast, caused by Piricularia oryzae Cav. This study was
performed in an attempt to quantitate and compare spread and subsequent
buildup of the disease from foci of three sizes. The experiment
was similar to a study of the spread of wheat stem rust from foci
as reported by Schmitt et al.’ of these laboratories in 1959.

II. MATERIALS AND METHODS

This study was made in 1964 at the Crops Division field experimental
site located at Avon Park, Florida. Three fields were employed in the
study and ranged in size from 1.1 to 1.7 acres. They were separated
by about 2.5 miles to allow disease spread and epiphytotic development
in each field to occur independently of happenings in other fields. The
fields were located on an east-west line, and had been planted to crops
in previous years. They were designated Paddy 4, Paddy 3, and Paddy 5,
respectively, with Paddy 4 being the farthest east. Dimensions of the
fields were: Paddy 4, 189 x 250 ft or 1.1 acre; Paddy 3, 189 x 260 ft or
1.1 acre; and Paddy 5, 205 x 362 ft or 1.7 acre.

The soil in this region is sandy, and leaching of mineral nutrients
occurs rapidly. Experience has shown that fertilizer, especially
nitrogenous fertilizer, must be applied pericdically during the growing
scason to insure good growth of rice. The fertilizer schedule used
for all fields is shown in Table 1.

The Gulfrose variety of rice, a commercially grown U.S. variety,
wag seeded in all fields by drill at 60 lb/acre on 28 and 29 April.
A poor stand was obtained in Paddy 4, and this field waes replanted on
11 May, It was impracticable to flood the fields because of the sandy
soil. Paddies 3 and 5 were watered as needed by a sprinkler system;
Paddy 4 was watered by ground seepage from a small ditch fed by gravity
from a pond on a hill above the fie'd,

Grassy weeds were controlled by an application of the herbicide
propanil (Stam F-34) between 25 May and 1 June when weeds were in the
4-1caf stage. Although it {s recommended that fields be flooded after
application of propanil to prevent new weed growth, this was impossible
and some regrowth occurred later, but not until the rice was well
cstablished. The areas used as foci in Paddies 3 and 5 were not treated
with propanil because the effects of this chemical on blast are unknown.




TABLE 1. FERTILIZER APPLICATIONS TO FIELDS OF GULFROSE RICE

Type of Pounds of Nitrogen Per Acre
Date, 1964 Fertilizer Paddy 4 Paddy 3 Paddy 5
27 April 8§-20-20 36.4 36.4 23.5
13 May Ammonium nitrate 33.0 31.1
19 May Ammonium nitrate 33.0 31.1
27 May Ammonium nitrate 33.0 33.0 31.1
2 June Ammonium nitrate 33.0 33.0 31.1
16 June Ammonium nitrate 33.0 33.0
17 June Ammonium nitrate 31.1
30 June Ammonium nitrate 30.0 15.0
17 July Ammonium nitrate 30.0
Total nitrogen 195.4 216.4 179.0

The race of P. oryzae used to establish a focus of infection in each
field was Race 1, Isolate 429, obtained from Dr. Latterell and Dr. Marchetti
of these laboratories. This isolate came originally from Louisiana, and
was highly pathogenic on Gulfrose in field tests conducted at Crowley,
Louisiana in 1963.* The inoculum contained 272.5 x 10° spores per gram
and was 55% viable., As the epiphytotic developed, cultures were isolated
from disecased leaf and panicle specimens and identified as to race. Isolate
429 has a characteristic growth pattern, and when cultured under certain
standard procedures by personnel familiar with the isolate, it can be
reasonably well identified. Most isolations from field specimens were
identified in this manner, but cultures from some specimens were further
tested on differential rice varieties by methods described by Latterell,
Mirchetti, and Grove.®

In Paddy 4, the focus was established by bringing four une-foot-long
boxes of rice bearing a total of 17 lesions into the center of the field
o 1 lune. Initial intensity of infection was thus 4.25 lesions per ft
vl row,

* Marchetti, M.A, Unpublished data and the associated Analyses 6171
{13 Feb 1964) and 6269 (15 July 1964), Crops and Bifomathematics Divisions,
I'.8. Army Biological laboratories, Frederick, Maryland.




The 17 lesions had resulted from an inoculation on 27 May of rice
in several groups of boxes located in a 0.1 acre plot of Gulfrose near
the laboratory building. Plastic tents had been placed over the boxes
and spores atomized into the tents in a distilled water suspension.
The tents remained in place until the following morning in an effort
to confine the inoculum. Little disease occurred in the remainder of
the 0.1 acre plot during the season, and relatively disease-free check
vields were obtained from it,

Foci in Paddies 3 and 5 were established by inoculating directly
in the field on 25 May. In Paddy 3, 0.18 g of inoculum prepsration
was suspended in 1 gallon of water. The suspension was applied with
a garden sprayer on a 20 by 20 ft plot in the center of the field about
8 PM. About 7 PM, 1.81 g of inoculum preparation were suspended in
2 gallons of water and sprayed on a plot 66 by 66 ft in the center of
Paddy 5. Inversion conditions prevailed in both fields at inoculation
and the air was calm. Following these inoculations, a 12 hr dew period
occurred with minimum night temperatures between 65 and 68 F near dawn.

One week after inoculation, observations in these fields indicated
that the inoculum had not drifted farther than 2 ft outside of the area
where it had been applied; at least, no lesions could be seen elsewhere
in the fields. Initial intensity of infection in the focus of 400 ft2,
or 0.0l acre, at Paddy 3 was 17 lesions per ft of row. Initiz' intensity
of infection in the focus of 4356 ftZ, or 0.1 acre, at Paddy 5 was 15.9
lesions per ft of row,

Stakes marking specific l-ft-row sampling stations were placed at 25 ft
intervals along lines running N, NE, E, SE, S, SW, W, and NW from the center
of cach focus to the border of each field (Fig. l). In addition, sampling
stations were located along lines ruaning NNE, ENE, etc., at 25 ft
intervals beginning 75 ft from the center. In Paddy 3, additional markers
were placed & ft from the center on lines running NE, SE, SW, and NW, f{n
order that there would be mcre than one sampling station in the focus.
Discase measurements were taken at these statlions as often as possible,
at least once a week. One measurement was in terms of lesions pe. ft
of row, which was made until lesions became so numerous as to make such
vounts difficult or meaningless, A second measurcment, a severity
ratfng in terms of per cent tissue diseaaed,a was begun as soon as severity
reached about 1% and was continued throughout the season. In a few
instances both kinds of measurcments could be made simultaneously.

Discase measurements at a particular station were identified by the
dircction and distance from the center, e.g. NE 50 refers to the station
S0 tt away from center in the NE direction.
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From the disease measurement data obtained, rates of disease increase
(r) were calculated according to van der Plank's formula®

2.3 X2 . *1
logyo %, logyo Tox;

In this formula, t stands for time in days, x is the proportion of
tissue affected at these times, and the correction factor (l-x) is used
to allow for the amount of healthy tissue available for infection which
decreases as disease increases. The severity rating percentage was
divided by 100 to effect the change to "proportion of tissue affected"
for xp; for x; the proportion of tissue affected had to be estimated
from lesion counts. From the data obtained in Paddy 5, the average of
40 corresponding observations of both severity rating and lesion counts
at certain sampling stations between 8 and 17 June indicated that one
lesion was about equal to 0.00886% severity or a proportion of tissue

laffected equal to 0.0000886.

Some movement of personnel in the fields when data were collected and
when fertilizer was applied could not be avoided. Precautions were taken,
however, to lessen the danger of inadvertent spread from movements of
workers in the fields. No laborers were permitted to work in any field
unless they were wearing clean clothing that had not been worn in some
other field, and if more than one field was entered on the same day the
field with the least amount of disease was always entered first.

A rotobar spore collector® was placed one meter above the ground
in the center of each field (therefore, also, in the center of each
focus) and at the 75 ft sampling stations located N, NE, E, SE, S, SW,
W, and NW (Fig. 1). These collectors operated for one hour between 3
and 4 AM each morning, and the rotobars were collected and new ones
put out about 10 AM each day. A rubber cement adhesive was used on
the collecting surface of the bar. A l-cm length on each exposed bar
was examined under high magnification (430X) with a vertical illuminator;
this was usually done during the afternoon of the day of collection.

A hvgrothermograph and maximum-minimum thermometer were placed in an
instrument shelter on the ground at the edge of each field. A Taylor
dew meter® was placed on sod nearby, and a rain gauge was mounted on a post
2 ft above the ground.

Data on the per cent panicle blast and on grain yield were obtained
from the 0.00l-acre plots located as shown in Figure l. A light-weight
frame 6.6 x 6.6 ft, was placed so that the sampling station that had
been used to collect leaf lesion data was in the center of the 0,001-
acre yicld plot. Within the plot, panicles in the row containing the




sampling station, and in adjacent rows, were examined for panicle blast
until a 200-panicle sample had been counted. Then a thresher was driven
beside the plot, all tillers cut with a hand sickle, and the grain threshed.
Harvesting was done in Paddy 4 on 20 August, in Paddy 3 on 19 August,

and in Paddy 5 on 18 August. Grain samples were bagged and taken to

a warehouse where they were air dried on screens for 4 or 5 days. The
samples were threshed again to remove any remaining trash, and then their
weights and volumes were determined.

III. RESULTS

A. SPREAD

Spread in Paddy 4 was first noted on 13 June, 17 days after inoculation
or 10 days after bringing diseased plants into the field to establish the
focus. One lesion was observed 2 ft W from the center (about 1 ft W of the
edge of the focus) and another was seen 2 ft N from center. Then on 16
- June, 20 days after inoculation, a lesion was spotted 5 ft E and another
15 ft S. Twenty-three days after inoculation, one lesion was seen at 40 ft
between NE and ENE, one at 12 ft W, and one at 115 ft WSW near the border
of the field. Thirty-five days after inoculation lesions began to appear
at some of the sampling stations established at the beginning of the test;
after 48 days lesions could be found everywhere in the field. Figure 2
shows the pattern of disease spread from the focus in Paddy 4.

Spread from the larger focus at Paddy 3 was noted first on 11 June,
17 days after inoculation of the focus; disease appeared at a greater
distance and was more severe than in Paddy 4 during the same time interval.
Spread had occurred in all directions. The farthest distance from center
at which a lesion could be found was N 76, E 20, SE 23, § 23, SW 20, W 40,
and NW 26, Lesions began to appear at many of the sampling stations 22
days after inoculation, but not until 35 days after inoculation did disease
occur everywhere in the field. Figure 3 shows the pattern of spread from
the focus in Paddy 3.

Spread from the 0.l-acre focus in Paddy 5 was first noted on 5 June,
11 days after inoculation, as one small young lesion at SSE 100. By 8 June,
14 days after inoculation, disease had spread to the borders of the field
in all directions, although the “ighest lesion counts were in the quadrant
from NE to NW. The S-day period between 3] May and 4 June was the time
when lesions in the focus would have been sporulating and providing the
inoculum that caused the spread observed on 8 June; on the first three days
of this period winds were mostly from the S, SE, or SW.
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‘The data on spread can be sumrarized as follows:

Paddy 4 Paddy 3 Paddy 5
Area of focus (in acres) 0.0001 0.01 0.1

Days from inoculation of focus to first observation of:

Spread 17 17 11

Spread to 100 ft in some direction 23 22 14

Spread to all borders of field 48 35 14
B. BUILDUP

Disease increase within the focus at Paddy 4 occurred to a very limited
extent, and although new lesions appeared the amcunt of disease present
in the focus remained about the same throughout the season, perhaps in
part because of the loss of some lesions through natural attrition of
older leaves. The disease severity rating in the focus never rose above
1%,

Disease severity within the focus of Paddy 3 was first seen to be
increasing on the l4th day after inoculation and rose to an average rating
of 24.6% by the 35th day after inoculation. Thereafter, severity
decreased to 17.8% on the 51st day, which was just prior to panicle
exsertion. The rate of increase in the focus between the 10th and
Jlst days was 0,397 per day where t; = 31, t; = 10, x; = 0.898, and
x; = 0,00202,

Disease buildup in portions of the fields outside the foci did not
hegin, of course, until disease had spread to these portions. It is
difficult to make any generalizations about this buildup, but sometimes
buildup at a given sampling station was related to the time at which
discvase first appeared and to the amount of disease first observed at
that station. For example, in Paddy 4, disease was first noted at a
fow stations 35 days after fnoculation, and the station, W 75, with the
highest lesion count on that day, later had the highest severity rating
at the end of the epiphytotic, 1In Paddy 3, buildup at most stations
outside the focus began between the 22nd and 29th days, and eight of the
nine stations having 10% or greater disease severity at the end of the
vpiphytotic had more disease initially than did any of the other stations
in this ficld. Disease buildup within and outside the focus at Paddy 5
is shown in Figure 4, where the time at which leaf disease severity
rat ings of 50% or greater occurred are shown for various portions of the
ticld.
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There was a vast amount of variation in disease behavior from place
to place within these fields, and data from several sampling stations in
Paddy 5 illustrate the kind of variation found (Table 2). At some
stations, disease became severe quickly and the plants were nearly killed,
e.g., N 75, WSW 150, and NNW 75. At most stations, however, disease
followed the more typical course of a rice blast epiphytotic as
described in a previous report,a where disease severity increases during
the tillering growth stage and decreases somewhat when new susceptible
tissue is no longer being produced, e.g., N 50, ENE 125, and § 50. 1In
a few places, disease reached a certain severity and then the plants
seemed to recover briefly until new tissue was produced and became
infected, as at station E 75 and NW 50. At a few stations, plants
had little disease at any time during the epiphytotic, e.g., E 125 and
SW 100.

Instead of considering buildup in foci and other portions of fields
separately, there is good reason to consider buildup and disease occurrence
by taking whole fields as the unit of cpmparison, Certainly farmers in
considering their profit or loss at the end of a year consider whole
fields. Leaf disease data at all sampling stations (both within and
outside the initial focus) were averaged for each date and these averages
converted to logarithms and plotted against time (Fig. 5). The field
with the largest focus initially had the greatest amount of leaf disease
throughout the growing season, the field with the smallest focus initially,
the least.

C. PANICLE BLAST AND GRAIN YIELDS

The use of the term panicle blast throughout this report implies
that whole panicles were affected either by the occurrence of one lesion
in the vicinity of the neck or by several lesions occurring elsewhere on
the panicle. A panicle was not conaidered blasted if only a few of its
grains wcre affected by the disease,

Panicle exsertion occurred in Paddy 4 between 26 July and 6 August;
by harvest on 20 August an average of 94% of the panicles were blasted.
The average yield of rough rice in the 0.00l-acre plots (located as shown
in Fig. 1) was 191 g which is equivalent to 421 lb/acre. The average
weight of one cup (% pint) of rice was 55.2 g.
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Panicle exsertion occurred in Paddy 3 between 17 and 29 July; by 10
August an average of 64.3% of the panicles were blasted. The paddy
was harvested on 19 August and the average yield of rough rice in the
0.001 acre plots was 414 g, which is equivalent to 913 lb/acre. The
average cup weight was 79.9 g.

Panicle exsertion occurred in Paddy 5 between 17 July and 2 August,
and on 12 August an average of 68.3% of the panicles were blasted. Paddy 5
was harvested on 18 August and the average yield of rough rice in the -
0.001-acre plots was 239.21 g, which is equivalent to 527 1lb per acre. The
average cup weight was 89.3 g,

A small plot of Gulfrose near the laboratory provided three nearly
disease-free check plots of 0.00l-acre size. The average panicle blast
was 1% and the average yield of i1ough rice was 1241 g, equivalent to
2736 1b per acre. The average cup weight was 132.9 g. If one takes &
2736 1b per acre as a control, reductions in yield of rough rice in Paddies - !
4, 3, and 5 were 84.6, 66.6 and 80.,7%, respectively,

D. SPORES IN THE AIR

Spore sampling data (Table 3) are given in terms of the average (for
all 9 stations in each field) number of spores actually counted on the
rotobar for a distance of one cm under high magnification (430X). This
figure is as good as any calculation made from the counts for the purpose of
comparing fields. To convert the actual count to spores in a w3 of air
during the hour of sampling, multiply the count shown in the table by five.
When this conversion is made, averaged for all stations in a field by three
day intervals, and plotted as in Figure 5, a relationship between disease
severity on the plants and spore concentrations over them can be shown.

In Paddy 4, the first spore was collected at SW 75 on 21 June, 25 days
after inoculation, but no spores were collected for the next 8 days.
Beginning on the 34th day after inoculation, some spores were collected
every day, although not always at every station. Not until 17 July, 51 days
after inoculation, was there a moderate spore load in the air over all nine
stations at Paddy 4. This load was comparable to that found in Paddy 3 by
the 33rd day after inoculation and in Paddy 5 by the 15th day after
inoculation. In general, spores were first consistently collected on
the rotobars located outside the focus at about the same time disease appeared
at sampling stations outaide the focus.
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During the first part of the period of panicle exsertion, the spore
load was about the same in Paddies 4 and 5, but tapered off at Paddy 5
toward the end of the period. Spore load in the air over Paddy 3 was
definitely less than that over either of the other two fields during the
time of panicle exsertion.

E. WEATHER

For each field, records of minimum temperature and length of dew
period were compared with the lower 95% confidence limit of a curve
indicating minimum values of these two parameters needed for infection.®
When conditions on any night seemed limiting for infection, the hygrothermo-
graph records for that night were examined and an average night temperature
was calculated. When this average night temperature and dew period were
then compared with the lower confidence limit of the minimum curve, it
appeared that almost every night in all fields had a combination of values
of dew and temperature that were favorable for at least some infection to
occur, Those few nights when conditions were marginal if not actually
limiting for infection were: Paddy 4 - 7, 8, and 10 June; Paddy 3 -
16 June; and Paddy 5 - 8, 16, and 25 June, and 21 July,

F. RACE OF PATHOGEN

Leaf lesion specimens collected 7 days after inoculation from the center
of the foci in Paddies 3 and 5 were identified in culture as Race 1. Leaf
lesion specimens collected on 8 June 100 ft from the center of Paddy 5 at
eight compass directions (N, NE, E, SE, S, SW, W, and NW), and specimens
collected on 23 June 75 ft from the center of Paddy 3 at the same compass
directions were all identified in culture as Race 1. From Paddy 4, leaf
lesion specimens collected on 21 July from center, N 75, E 75, S 75, and W 75,
were identified in culture as Race 1.

An isolate from one leaf lesion from an unknown location in Paddy &
collected after panicle exsertion was tested on differential rice varieties
and proved to be Race 1., Seven isolates from neck lesions were tested
on differential varieties and proved to be Race 1. These neck lesions were
collected at the following locations: Paddy 4 - center, N 75, and E 75;
Paddy 3 - center and ESE 75; and Paddy 5 - § 75 and NE 75,
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IV. DISCUSSION

The use of a 0.1 acre focus in a field of only l.7 acres as in
Paddy 5 gave little information about the distance of spread. Because
the first observation of spread in this Paddy was a lesion near the
edge of the field, one cannot be certain that in a much larger field
a lesion would not have been seen at some greater distance from center.
Another limitation of small fields for spread studies is that they do
not permit the observation of the establishment of secondary foci.
Although the ai? does not carry most spores far from their source and
we see a gradient of infection away from the original focus, we would
expect some spores to settle far outside the boundary of infection that
spreads from the original focus and to eatablish new foci of infection.

The initial intensities of infection in the foci of Paddies 3 and 5
were about the same. The disease in the smaller focus increased at a
slower rate (0.222 vs. 0.397 per day) and caused less leaf damage
(a maximum sever‘ty rating of 24.6% vs. 89.8%) than did disease in the
larger focus.  possible explanation is given by the theoretical
considerations of van der Plank.* He calculated the percentage of air-
borne spores lost from square plots of different sizes under wind
conditions of normal and low turbulence. Mom of the spores produced
in small foci travel outside the boundaries of such foci than do spores
produced in larger foci, and fewer spores result in less disease.

It is difficult to explain why the percentages of panicle blast
and yield loss were somewhat greater in Paddy 4, the field with the
smallest focus initially, than in the otlier fields. One possible
explanation lies in the timing of nitrogen applications. The final
bi-weekly application of nitrogen in Paddy 4 was made 9 days before
panicle exsertion, while in Paddies 3 and 5 it was made 17 and 30 days,
respectively, before panicle exsertion began (Table 1). The effect
of nitrogen in making rice more susceptible to blast is well known and
has been demonstrated in the field by workers from these’ and other
laboratories; it way be that the timing of this last application caused
both flag leaves and panicles to be more susceptible in Paddy 4 than in
other fields., Another explanation, the possibility that large masses
of spores arrived in Paddy 4 at heading time from the other fields,
does not appear very likely. The spore load in the air at Paddy 4
during the time of panicle exsertion in that field, 26 July to 6 August,
was greater than that over the other two fields during that time period
(Table 3).




The percentage of ganicle blast has sometimes been taken as a conservative
estimate of yield loss ? and in one test there was a significant and high
negative correlation coefficient between the actual grain yield and per cent
panicle blast occurring on seven rice varieties.* In the present test,
percentage of panicle blast would have been a conservative estimate for
Paddies 3 and 5, but would have overestimated loss from Paddy 4.

The spore sampling data do not reveal whether the rotobar sampler as
used in these tests will be useful for making predictions of disease
occurrence, Spores trapped at any given location seemed to be more
indicative of the amount of disease already present in the vicinity of the
sampler than of any future disease occurrence. When averaged spore
concentration and disease severity data for each are compared throughout
the epiphytotic as in Figure 5, it appears that the logjy of the spore
concentration in terms of spores per cubic meter of air between 3 and 4 AM
at one meter above ground is roughly 2 logs greater than the logy; of the
average leaf disease severity rating per ft of row. Whether this or a similar

relationship will exist in othor rice blast epiphytotic situations remains
to be demonstrated.

Weather conditions were favorable for infection in all fields almost
every night, Therefore, weather was probably not an important variable
influencing the differences in spread, buildup, spore concentration in the
air, and panicle blast observed among the three fields. One possible
exception may apply to Paddy 4, where three days, June 7, 8, and 10,
thought marginal or limiting for infection occurred close together and
soon after the focus was introduced into the field, This might have hindered
spread and buildup early in the epiphytotic and helped accentuate the

differences in spread and buildup in Paddy 4 as compared to the other two
fields,

It seems reasonably well established that the race used to establish
foci of infection in these studies is the race that increased in the fields
and that caused panicle blast and yield reduction at the end of the
cpiphytotics. Agreement between race used and race recovered is thus
much better than in some previous field studies?

* Dahlke, G.R. Unpublished data and the associated Analysis 6433 (5 Aug 1964),

Crops and Biomathematics Divisions, U.S. Army Biological Laboratories,
Frederick, Maryland.
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